Porphyromonas gingivalis is strongly associated with periodontal diseases and is regarded as one of the risk factors for periodontitis. Insertion sequence element IS1126-based PCR was used to investigate the genetic heterogeneity of P. gingivalis from periodontitis patients and to examine the frequency of the parent-child and spouse-spouse transmission. Two sets of IS1126-specific primers were used for the PCR. The inward primer set (PI1 and PI2), which amplifies the IS1126 fragment of approximately 690 bp, was used to identify P. gingivalis. The outward primer set (PI1RC and PI2RC), which is reverse complementary to PI1 and PI2, respectively, and amplifies the gene fragments between the adjacent IS1126 elements was used to characterize the genotypes of the P. gingivalis strains. PCR of P. gingivalis with PI1RC and PI2RC resulted in the production of two to seven amplicons, which showed a unique electrophoretic pattern in each strain (4 laboratory strains and 37 clinical isolates cultured from 12 patients with aggressive periodontitis). The usefulness of the method for transmission study was confirmed by detecting identical genotypes between the isolates and the plaque samples from which the isolates were cultured and between the plaque samples from different tooth sites in the same patient. Thirty probands with periodontal diseases and their thirty immediate family members were included in the transmission study. In 11 of 14 parent-child pairs (78.6%), P. gingivalis revealed an identical or similar band pattern, whereas 5 of 16 spouse pairs (31.25%) had this similarity. These results show that IS1126-based PCR for genotyping P. gingivalis has a highly discriminating potential with reproducible data and is a simple and reliable method for a transmission study.
Porphyromonas gingivalis is a gram-negative, anaerobic, nonmotile short rod-shaped, black-pigmented bacterium. Studies on the epidemiology, the virulence factors, the host response, and the pathogenicity in animal models have provided strong evidence implicating this bacterium in the etiology of periodontitis (9, 10, 12) . P. gingivalis is known to be a risk factor for periodontitis (3) . In addition, there is accumulating evidence showing that an infection with P. gingivalis may predispose an individual to cardiovascular disease and cause the delivery of preterm infants (4, 5, 24) . This emphasizes the importance of preventing an infection by this bacterium. In this respect, information on the transmission route of P. gingivalis between individuals is important for determining the risk factors for periodontitis and for developing strategies for preventing the transmission of the pathogen to uninfected individuals.
Several studies on the transmission of periodontopathogens have been performed by detecting identical strains between related family members. The transmission of Actinobacillus actinomycetemcomitans and P. gingivalis has been reported by comparing either the serotypes (15, 32) or the genotypes. The transmission rate reported thus far varies from study to study. Information on the vertical transmission of P. gingivalis had been restricted due to the difficulties in detecting this bacterium in young children by using culture methods.
A recent study used PCR to detect and investigate the transmission of P. gingivalis within extended family members (30) .
In that study, the presence or absence of P. gingivalis was examined in samples taken from the mesial sulcus of four family generations. These authors found that contact with an infected family member substantially increased the relative risk of colonization for spouses, children and their parents, and adults and their mothers, as well as between siblings. A method that characterizes the strains directly from clinical samples and differentiate them would be valuable for transmission studies. The direct identification of P. gingivalis present in periodontitis patient samples was performed at the strain level by an arbitrarily primed PCR (AP-PCR) (1) or a heteroduplex analysis of the ribosomal DNA intergenic spacer region (ISR) (16, 18) . The insertion sequence (IS) elements in several bacterial species have been shown to be an excellent tools for molecular typing and an epidemiological study (6, 13, 28) . IS1126 of P. gingivalis is an insertion sequence with 1,338 bp, which is flanked by 12-bp inverted repeats and generates a 5-bp target site duplication (21) . It contains a single open reading frame encoding the transposase and belongs to the IS5 family of ISs based on the homology of the enzyme (20) . The P. gingivalis genome harbors multiple copies of IS1126, and the value of this element as a rapid epidemiological tool for strain-specific identification of P. gingivalis has been suggested because Southern blot analysis of a number of P. gingivalis strains with IS1126 as a probe showed a unique hybridization pattern after digestion with the restriction enzymes (8, 21) .
The present study describes a rapid and simple method that distinguishes the strains of P. gingivalis in subgingival plaque samples by PCR with the IS1126-specific primers that amplify the regions between the adjacent IS1126. The method was performed (i) to identify the P. gingivalis strains cultured from patient materials, (ii) to compare the multiple P. gingivalis strains cultured from the same patient, (iii) to compare the P. gingivalis isolates and plaque samples from which the isolates were obtained, and (iv) to compare the P. gingivalis strains in the different tooth sites from the same patient. Finally, the present study applied the method to a transmission study between parent-child pairs and between spouse pairs. Using this method, we were able to differentiate P. gingivalis in both forms of isolates and plaque samples at the strain-specific level. In addition, we successfully used this method to estimate the transmission rate by comparing the PCR band pattern of family members. Here we report that a PCR method with IS1126-specific primers is a very sensitive typing method and can potentially be useful for transmission studies of P. gingivalis.
MATERIALS AND METHODS
Bacterial strains. Four laboratory strains of P. gingivalis and 17 other oral bacterial strains were included to evaluate the specificity of the primers used for PCR (Table 1) . A. actinomycetemcomitans, Prevotella intermedia, Prevotella nigrescens, and Fusobacterium nucleatum were grown in a brain heart infusion (BHI; Difco, Detroit, Mich.) broth in an anaerobic chamber (N 2 at 85%, H 2 at 5%, and CO 2 at 10%) at 37°C for 2 to 3 days. The streptococcus species were grown aerobically in BHI broth at 37°C for 2 days. P. gingivalis was grown anaerobically in BHI broth supplemented with hemin (10 g/ml) and vitamin K (1 g/ml) for 3 days. The bacterial cells were harvested by centrifuging at 5,000 ϫ g for 10 min at 4°C.
Plaque samples and P. gingivalis isolates. Subgingival plaque samples (31 samples) taken from 12 patients with aggressive periodontitis who had been previously analyzed in an epidemiology study for Koreans (17) were included in the present study ( Table 2 ). All of these plaque samples tested P. gingivalis positive when detected by dot blot hybridization (17) . P. gingivalis isolates (37 strains) were cultured from these plaque samples to compare the PCR band patterns between the isolates and between the plaque samples from which the isolates were cultured. The plaque samples were serially diluted up to 10 Ϫ6 . Aliquots of 100 l were plated on BHI agar medium supplemented with 5% defibrinated sheep blood, hemin (10 g/ml), and vitamin K (1 g/ml) and then incubated in an anaerobic chamber for 10 days. Black-pigmented colonies were streaked to purity. The identification of P. gingivalis was performed based on Gram staining, trypsin-like enzyme activity, and dot blot hybridization with an oligonucleotide probe specific for the P. gingivalis 16S rRNA genes (7) . Each colony identified as P. gingivalis was subjected to subculture and stored in 15% glycerol stock at Ϫ70°C until needed.
The genotypes of some plaque samples collected from the different tooth sites in the same patient (Table 2) were also compared.
Subjects and sampling for the transmission study. The subjects for the transmission study were Korean patients with periodontal disease who were referred to the Department of Periodontology at the Hospital in the College of Dentistry at Seoul National University, as well as their immediate family members. A total of 30 probands and their immediate family members were selected based on the presence of P. gingivalis: 14 parent-child pairs (10 adults as a proband and their mothers and 4 mothers as a proband and their adult children), and 16 spouse pairs. The probands were diagnosed with various types of periodontal diseases, as shown in Table 3 . The criteria for selecting the family members of the patient probands were as follows: the child had to be natural and had to have lived with their parents for more than 2 years at the time of sampling. The spouses had to have been married for more than 5 years. The affected sites of the probands had a probing depth of Ͼ6 mm and an attachment loss of 3 mm.
For subgingival plaque sampling, excess saliva was removed by using a cotton roll, and three sterile paper points were inserted into the mesial sulcus of diseased sites of the probands and the deepest sites of their family members for 30 s. The paper points were transferred to autoclaved 1.5-ml microfuge tube and stored at Ϫ20°C until needed. For the DNA isolation, the bacteria from the paper points were eluted by vigorously vortexing them after the addition of 1 ml of phosphate-buffered saline in a sample tubes.
DNA isolation and PCR with IS1126-specific primers. The DNA of the reference strains, the clinical isolates of P. gingivalis, and the plaque samples was obtained by a phenol-chloroform extraction method according to standard protocols. The quantity of DNA dissolved in the TE buffer (10 mM Tris [pH 8.0], 1 mM EDTA) was estimated by measuring the optical density at 260 nm.
The specificity of the inward primers for IS1126 ( Fig. 1 ), PI1 (5Ј-CCC GGC TTA TGA CGT GAT TTC TCT-3Ј) and PI2 (5Ј-CTG TTG CGT TTG TGC CCT TGT GC-3Ј), was tested with 4 laboratory strains of P. gingivalis, along with 17 other oral bacterial strains. Thirty-seven clinical P. gingivalis isolates were also included in order to verify the specificity of the primers. The clinical samples were then subjected to PCR with the same primers to detect the P. gingivalis. All of the samples haboring this bacterium were further analyzed for genotyping. The inward primers amplified the 693-bp fragment of IS1126 (Fig. 1) .
For genotyping the P. gingivalis, the following primers, which are reverse complementary to the inward primers, were used ( Fig. 1 ): PI1RC (5Ј-AGA GAA ATC ACG TCA TAA GCC GGG-3Ј) and PI2RC (5Ј-GCA CAA GGG CAC AAA CGC AAC AG-3Ј).
PCR was carried out in a total volume of 50 l containing 1ϫ PCR buffer, 2.5 U of Taq polymerase (TaKaRa Shuzo, Shiga, Japan), deoxynucleoside triphosphates (0.2 M), 0.3 M concentrations of each primer, and 100 ng of DNA. The amplifications were performed in a thermal cycler (GeneAmp PCR system 9600; Perkin-Elmer). The temperature profile selected involved 30 cycles of denaturation at 94°C for 30 s, annealing at 45°C for 30 s, and extension at 72°C for 1 min, with an initial denaturation at 94°C for 5 min and a final extension at a The 12 patients with aggressive periodontitis were originally described elsewhere (17) .
b The first number after the number symbol (#) indicates the maxillary (1 and 2) and mandibular (3 and 4) teeth. The second number after the number symbol refers to the tooth sites for the sampling (1 and 2, incisor; 3, canine; 4 and 5, premolar; 6 and 7, molar). The numbers of isolates cultured from the tooth sites are indicated in parentheses. Designations with no number in parentheses indicate there was no isolate.
72°C for 5 min. The PCR products were analyzed on ethidium bromide-stained agarose gels (1.0%) and visualized by using a Las-1000 Plus luminescent image analyzer (Fuji, Tokyo, Japan). The PCR was repeated three times for all samples.
RESULTS

Specificity of IS1126-based PCR.
The specificity of the PCR primers for IS1126 was determined by using the different bacteria listed in Table 1 . PCR with the IS1126-specific inward primers (PI1 and PI2) detected only the P. gingivalis reference strains and produced a single band with the expected size of ca. 690 bp (Fig. 2A) . PCR with the outward primer pair (PI1RC and PI2RC) produced two to seven major bands in all of the P. gingivalis strains (Fig. 2B) . No band was observed by PCR with both primer pairs in any of the other species tested. The PCR detection limit was 1 pg of P. gingivalis DNA, corresponding to the genomic equivalents of approximately 100 bacteria (data not shown).
Genotypes of P. gingivalis. Figure 3 shows the band patterns of 37 clinical isolates cultured from 12 patients with aggressive periodontitis. The isolates showed their own characteristic band patterns, whereby the multiple isolates from the same patient revealed an identical band pattern with slight differences in some cases. Single-band gains or losses were observed in some isolates (Fig. 3, P3, P5, and P6) .
In order to determine whether or not the genotypes of the isolates were the same as those from the plaque samples from which the isolates were cultured, the band pattern of six plaque samples (Table 2) taken from the aggressive periodontitis patients and their 30 isolates (P1 to P3, P6, P7, and P12) were examined. There was no difference in the band pattern between the isolates and the plaque samples when we considered a one-band difference between the isolates from the same FIG. 1. IS1126-specific PCR primers for P. gingivalis. The inward primer pair (PI1 and PI2) was used to amplify the IS1126 fragment of 693 bp, and the outward primer pair (PI1RC and PI2RC) was used to amplify the gene fragments between the adjacent IS1126 elements. The nucleotide sequences of the outward primers, PI1RC and PI2RC, are reverse complementary to those of the inward primers (PI1 and PI2, respectively). plaque samples, as shown in P3, P5, and P6. Figure 4 represents the genotypes of isolates and plaque samples from P6. Three of eight isolates showed one missing band compared to their plaque sample (P6#11). The plaque samples taken from the different tooth sites of the same patient were also analyzed, which revealed an identical band pattern (Fig. 4) . Intrafamilial transmission of P. gingivalis. After evaluation of the IS1126-specific primers that were used to identify and characterize P. gingivalis at the strain level by PCR, this method was applied to the transmission study. We examined the frequency of the vertical (14 parent-child pairs) and horizontal (16 spouse pairs) transmission of P. gingivalis. Identical or similar PCR genotypes with one or two band differences in the family members obtained with the outward primers were regarded as being P. gingivalis transmission. Figure 5 shows a comparison of the genotypes between the probands and their family members. The parent-child transmission of P. gingivalis was confirmed in 11 of 14 (78.6%) families, whereas the interspousal transmission of this bacterium occurred in 5 of 16 (31.25%) married couples (Table 3) .
DISCUSSION
The method for the strain-specific differentiation of P. gingivalis is useful for a transmission study. A rapid and reliable assay with the IS1126-specific primers for PCR was developed here to identify and differentiate the P. gingivalis strains in the plaque samples without a prior cultivation. PCR with the inward primers specific for IS1126 could be used to specifically identify P. gingivalis and to detect the presence of this bacterium in plaque samples. In addition, strain differentiation was possible, with the outward primers, which amplified the DNA fragments between the adjacent IS1126 genes in the P. gingivalis genome. The utility of this method was confirmed by comparing the genotypes of the isolates with those of the plaque samples from which the isolates were cultured.
Several methods have been used for molecular fingerprinting and typing of P. gingivalis strains. These methods include restriction endonuclease analysis (10, 27, 31) , restriction fragment length polymorphism (RFLP) (8) , ribotyping (27, 31) , AP-PCR (1, 27, 31), multilocus enzyme electrophoresis (19) , heteroduplex analysis (26) , and fimA genotyping (23) . The genotypic characterization of the P. gingivalis strains has revealed extensive heterogeneity. Most of these methods require a prior cultivation of the bacteria for analysis, and AP-PCR must be optimized by screening various primer sets.
IS1126 was reported in multicopies throughout the P. gingivalis genome. In the RFLP typing of the laboratory strains of P. gingivalis with IS1126 as a probe, the chromosomal DNA digests with PstI produced 25 to 35 hybridizing bands (8) . In this study, IS1126 RFLP showed the strain-specific band patterns. The IS1126 RFLP of P. gingivalis has been suggested as a useful tool for strain typing, as well as an epidemiological study (8) . IS fingerprint analysis was also performed for strain differentiation in the other bacteria, including Mycobacterium avium and Vibrio cholerae (6, 13) . Among the periodontal pathogens, A. actinomycetemcomitans has been reported to harbor the IS element, and 27 clinical isolates of this bacterium were divided into seven groups by RFLP by using the IS200-like sequence (ISAa1) (14) .
Since IS is a mobile element that translocates between or in the genome, its stability is an important factor for application to strain differentiation. Dong et al. (8) assessed the relative stability of IS1126 by comparing the RFLP patterns of the copies of the same strain from different laboratories and ob-served one or two band differences. Meanwhile, a one-band gain and a one-band loss was observed in W50BEI, which is a spontaneous nonpigmented, avirulent mutant, compared to the P. gingivalis strain W50 (8) . The mutant had been isolated from the P. gingivalis strain W50 after 49 to 73 generations of growth in a chemostat (22) . These results suggest the relative stability of IS1126, but a small change can occur through the transposition or recombination between the IS copies by some   FIG. 3 . Genotypes of the 37 P. gingivalis strains cultured from 12 patients with aggressive periodontitis (Table 2 ) and detected by IS1126-based PCR with the primers PI1RC and PI2RC. The numbers of patients correspond to the numbers indicated in Table 2 . Table 2 ). DNA from the plaque samples and the isolates was extracted, and PCR was performed with the primers PI1RC/PI2RC.
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GENOTYPING AND TRANSMISSION STUDY OF P. GINGIVALIS 539 factors, particularly the age of a stock culture and the number of passages. In our study, the genotyping of P. gingivalis by PCR by using the IS1126-specific primers was carried out on 4 laboratory strains and 37 clinical isolates cultured from the 12 periodontitis patients. All of the bacteria showed individual characteristic band patterns but, in most cases, the isolates that originated from the same patient showed identical patterns. However, a one-band difference was observed in some isolates from the same patient. The PCR patterns of the isolates and the plaque samples from which the isolates were cultured were also compared. Almost identical patterns were detected. Furthermore, the band pattern between the plaque samples taken from the different sample sites of the same patient was the same. These results show that periodontitis patients appear to harbor the P. gingivalis strains of a single genotype, when they are analyzed by using the IS1126-specific primers, which detected the size and the number of the adjacent IS1126 by PCR. This result made the comparison of genotypes between the plaque samples from family members and thus interpretation of the analysis easier. It has been reported that most infected people harbor only a single genotype of P. gingivalis with detection rates ranging from 61 to 90% (2, 18, 27) . The transmission of the periodontal pathogens has been studied mostly in A. actinomycetemcomitans and P. gingivalis.
The intrafamilial transmission of these bacteria may in part explain the familial tendency of periodontitis and may have important prophylactic and treatment implications. The vertical transmission (parent-child transmission) rate of A. actinomycetemcomitans varied from 0 to 60%, and the horizontal transmission rate between siblings or between spouses ranged from 14 to 60% (2, 11, 25, 29) . In P. gingivalis, interspousal transmission was detected in 20 to 75% of cases by AP-PCR or a heteroduplex analysis of the ribosomal ISR. However, transmission from parent to child appeared to be uncommon (2, 31) . Nevertheless, the finding that concordance in the colonization of P. gingivalis was frequently observed for children and their mothers by detecting the presence of P. gingivalis by PCR assay may implicate the vertical transmission of this bacterium (30, 33) . In this context, information on the stability of the colonization with P. gingivalis in children could help in selecting the subjects' age for a vertical transmission study. Lamell et al. (16) reported a positive relationship between increasing age and persistent colonization with P. gingivalis by heteroduplex analysis of ribosomal ISR. According to those results, P. gingivalis appeared to colonize only transiently in children and was more stable in the late teenage years. In our study, the age of the "children" involved in parent-child transmission ranged from 19 to 37 years. Although the sample size was small, these results showed that the majority (11 of 14) of parent-child pairs had an identical P. gingivalis genotype. The high vertical transmission rate of P. gingivalis in our study relied upon the selection of the older children. The transmission rate may be also influenced by the detection methods, the size of the family, their daily habits, and the living conditions, as well as the geographic location and the ethnicity of the study population.
Interspousal transmission rate in our study is within the rage of the rate reported in other studies (2, 30) . In summary, IS1126-based PCR of P. gingivalis resulted in the production of two to seven amplicons, which gave unique electrophoretic patterns in each strain. Repeated assays with the same samples revealed reproducible data. This method showed a one-step fingerprinting process from the plaque samples after DNA extraction. A prior culture, cloning, or hybridization was unnecessary. Since most samples harbored a single unique genotype of P. gingivalis, this method is useful particularly for a transmission study for which a highly discriminating method is required. The application of this method to a transmission study with a large sample number will provide more insight into the transmission mode of P. gingivalis.
